We have developed an improved method for examining the metamorphic history of subducting oceanic crust and its impact on chemical cycling at convergent margins. Our approach provides a much-needed metamorphic complement to records of subduction-zone cycling derived from studies of igneous rocks produced at volcanic arcs. By merging methods utilizing garnet zoning to establish prograde reaction histories with in situ high-resolution trace element geochemistry, and application to coesite eclogites representing subduction to depths beneath arcs, we are able to directly identify geochemical manifestations of reactions contributing to element mobility in the subducting slab that are only inferred in studies of volcanic arcs or theoretical metamorphic models. We prefer this approach to reconstruct subduction-related mineral and chemical histories in that prograde records are not obscured by inclusion of overprinting chemical effects due to retrogradation. Such integration of retrograde chemical effects is unavoidable and endemic to bulk-rock studies, limiting their utility. Specifically, we identify a prograde metamorphic reaction -based solely on the zoning of geochemistry and mineral inclusions within garnet -and infer that these features are a record of the breakdown of coexisting clinozoisite + titanite and liberation of a trace element-laden fluid during prograde metamorphism. We are then able to assign a specific depth interval for the reaction through calculation of the P-T dependence of the reaction for these eclogites and comparison with a published P-T trajectory. This methodology is applicable to eclogites where even severe retrograde alteration of the prograde record has occurred due to the robust recording and preservation of petrologic and geochemical processes by garnet. The identification of a specific location beneath the arc for elemental mobility resulting from a metamorphic reaction is useful to constrain models of prograde devolatilization within subducted materials and slab-to-arc mass transfer. We propose that a fruitful new direction in subduction zone metamorphic research is to identify and analyze mineral inclusions in garnet that are host to light isotopic tracers; a combination of prograde records preserved in garnet linked to records of potential light isotopic fractionation of these popular tracers within key mineral inclusions will elucidate the effect of prograde metamorphism on chemical cycling within subduction zones.
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